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Modification and control of blast furnace slag—based self-foaming
glass—ceramic

ZHANG Zhiming', PANG Junfeng', CHEN Hui', WANG Rui’>, ZHAO Wei’, GUO Hongwei’, WANG Yici’,

LI Ruobin®, ZHU Jiahui®
(1. Baotou Steel Group Metallurgical Slag Comprehensive Utilization Development Co., Ltd., Baotou 014010, China; 2. School
of Iron and Steel, Soochow University, Suzhou 215100, China; 3. School of Rare Earth Industry, Inner Mongolia University of
Science & Technology, Baotou 014010, China)

Abstract: Self-foaming glass—ceramic was sintered from blast furnace slag (BFS), feldspar, and waste glass (WG) with the addition of
modifying agent (KOH). The crystallization characteristics and microstructure of self-foaming glass—ceramic was characterized. Fur-
thermore, the water absorption, as well as acid and alkali resistance of self-foaming glass—ceramic were tested. The results showed that
the addition of KOH effectively regulated the self~foaming behavior of BFS-based glass—ceramic, leading to a significant improvement
in pore distribution. The primary crystalline phases identified in self-foaming glass—ceramic was anorthite and diopside. An increase in
the KOH content promoted the nucleation and growth of diopside, and when the amount of KOH exceeded 3.5 wt.%, the akermanite was
observed. Additionally, the KOH reduced the size of the micropores and promoted a more uniform pore distribution. The modified self—

foaming glass—ceramic exhibited favorable water absorption and resistance to acid and alkali corrosion across various sintering systems.
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The findings suggest that the modified self-foaming glass—ceramic is promising for industrial applications, with significant potential for

advancing the circular economy through the valorization of solid waste resources.

Key words: blast furnace slag; glass—ceramic; self—foaming; composition modification; property

A R R A T R R AR R EOR,
FEBTIRACA) 2 S8 B2 0 A R S B o A VB Bl
I R AT S P BE ok F 2R ik A2, (B be 2 7
H R IR 5 S SO BHE A AL, e
AE o DU, AT LA i A A R B R D
B, 51 KOH 19 TR SR e 25 1k il 46 1ol it B
. HARERGEMGE T KOH IR i 4 RHLER S5 |
Py AR 2H 8 OO ES F K FE ATE Sl 2R > TR I A
filf I, b — 2B HRTE TR AN | T il R R
[ 24 S B T 252 B0 SO ol ot B P B 1) 81 47
AL ABETE Bl 5 T2, i A %
U0, B T i b A B £ 7 A PR R D [ R R
{EAL RIS PR 2 5% A AR B AR S50

1 WRFE

1.1 SEIWER
S B FH 32 R 45 2 b (Blast Furnace

Slag, fii #% B) , K 7 (Feldspar, & #% F) Fl & % ¥
(Waste Glass, RiFR W) o 4P ng £ 842l R
Ca0. Si0,, ALO, Fll MgO, H: Fi & & 4 %0 70 % A
37.83 % .29.98 % .17.37 %F19.36 % , (E 151 B 1 &
SO,/ Fr A, i [ A B 18 2.48 %, KA
BAR 2 4y R Si0, A ALO,, BT 4 B0ar )l
73.15 %N 14.32 % , R F 2422 8500 Si0,F1
Na,O, it A 438053 31 71.83 %A113.17 %.

S T e i X AT S I R A 1 (a) B
N, AT L B 856 B K A (Ca,MgSi,0,, PDF#74-0990)
AT AR 8 ke . KA Y X SR ATT S T
B 1(b) fror, EE R A 92 (Si0,, PDF#85-0865 ) Fl4H
K17 (NaAlSi,0,, PDF#89-6427) . J& 3% 3 X S £k 47
SIETE G 1(c) BrR , Ry BRNA E d 18 S i
1.2 XWHE

AWREET O A W TAERR, isyig KA
FR B F A 2R, AR Sy Bh 4 57 , KOH Sh B

1 Ca,MgSi,0,,PDF#74-0990

40 50 60 70 80 90

2000
1 @
1600 -
£1200 4
jﬁ( 4
i 800
400
10 20 30
50 000
1 ®) 1 Si0, PDF#85-0865
40000 2 NaAlSi,0,,;PDF#89-6427
§ ] 2
30000
o ]
20000
10000 1
1

10 20 30 40 50 60 70 80 90

20/(°)

26/(°)

1600 1 (c)

10 20 30 40 50 60 70 80 90
200°)

B ERXSETHE
Fig.1 Raw material X-ray diffraction pattern

(a) mditt s (b) KA 5 (o) IR HEHS .



gL, A R S 1 R I R R A SO S A O A 4 105

JE I, R be &t 1k il £ MERE O KA i r i s F &
DS

T K BT i K A R B 450 R
O R LR AT R, 4% 3 2 T 7 (1% B 3R 2 3
A—E B ER (37 F% BE) F1 KOH (434t fy K ) |
Horf KOH AR S sd ) ml A L R 2500 A 28 5 Hefth
R (bl KA R R ) — S m AT T R 2
BREEML AP AT IR A T B S8 UG IR A KR
TR EREHLTIES 15 min 1535 IR SRR
BERLEE< 75 wm) KRR A BHA NI EH N, IF &
T IRy 78 1500 C AR 2 he

F 70840 6 S B 8 R A A OK VR DLAS B R
B, AR E S R AT AR LER SR, 2ROk
b 31, 5558 0 300 rpm , BEBR A AL EE A 5, IR A
15 min, B3 FURPRLEE< 75 wmo  FLUHEAT % 43 FE
i, Hoh PR R R 135 B 30 MPa, DURIE AR #5 B AT

o
..... + & S—
K77 ey KB

-

B A s

& —

MR E Tt 8]

—JE DY) 46 R B AN 518 A R TS Sebe gt i
T AR RIS AL B AR T o S R AR R
J5 A5 3 A2 K 30 mm, 5254 15 mm 9 5 A 4 RS,
W B AE S B R T 1 140 °CTR RS i #Rok
R 10 Clmin, PRI E A 90 min, FAAS ] & AR
K 2 iR o

*2 EREL
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Fig.2 Preparation process of self-foaming glass—ceramics
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ceramics with different KOH additions
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Fig.6 Microscopic morphology of self-foaming glass—ceramics with different KOH additions
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Study on the phase evolution of coal gangue during thermal ac-
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Abstract: In this study, coal gangue was used to explore phase evolution during thermal activation and its effect on alkali leaching of
silicon. Raw materials and activated products were characterized by TG-DSC, XRD, and FTIR. Results show that kaolinite gradually
dehydroxylates to amorphous metakaolinite upon heating, and further transforms to mullite at higher temperatures. Thermal activation
breaks bridging oxygen bonds, changes aluminum coordination, and increases structural disorder. Alkali leaching experiments show
that the silicon leaching rate reaches 82% after activation at 800 °C. Mechanism analysis indicates that active sites from broken bridg-
ing oxygen bonds enhance the reactivity of the silicon—oxygen network in alkali leaching. This study provides theoretical and technical
support for high—value utilization of coal gangue.
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Study on the evolution of solidification microstructure of
Z1.114A alloy under pulsed magnetic field and the influence
mechanism of cooling rate

LIU Tao, BAI Qingwei’, WANG Bo
(School of Rare Earth Industry, Inner Mongolia University of Science & Technology, Baotou 014010, China)

Abstract: Aiming at the insufficient understanding of Si—phase regulation in Al-Si alloys under pulsed magnetic fields and the influ-
ence of cooling rate under such conditions, pulsed magnetic field—assisted solidification combined with in situ laser confocal melting
was employed to systematically investigate the microstructural evolution of ZL114A alloy and the effect of cooling rate on grain refine-
ment under a pulsed magnetic field. The results show that the pulsed magnetic field can effectively refine a—Al grains and regulate the
Si—phase size distribution. At 100 A, the grain refinement ratio reaches 29.6%, while the fraction of small Si phases (0 - 10 pm) in-
creases to 44%, and the tensile strength increases to 275.7 MPa. At 120 A, the size distribution of Si phase becomes more uniform
across different size ranges. The grain refinement effect of the pulsed magnetic field shows remarkable sensitivity to cooling rate: the re-
finement ratio reaches 22.9% at —10 ‘C/min, but decreases to only 5.5% at =150 °C/min. These results provide a basis for solidification
microstructure control of Al-Si alloys and for optimization of electromagnetic casting processes.

Key words: pulsed magnetic field; ZL114A; morphology of Si phase; cooling rate
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Table 1 Main chemical composition of ZL.114A alloy

Si Mg Ti Fe Cu Zn
7.136 0.631 0.165 0.059 0.0015 0.0013
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Effect of NiO and Cr,0; doping on the Crystallization, structure
and properties of CaO-MgO-Al,0,-Si0, glass—ceramics

LI Tianyi, ZHOU Yahui, ZHANG Wenjing, DENG Leibo
(School of Science, Inner Mongolia University of Science & Technology, Baotou 014010, China )

Abstract: The experiment focuses on achieving the synergistic solidification of heavy metals Ni and Cr in slag. Using CaO-MgO—
ALO,-Si0, system glass—ceramics as the research object, four groups of samples were prepared via the melting method under the condi-
tion of a total dopant amount of 2.0 g, with NiO/Cr,0, mass ratios of 1:3, 1:1, 3:1, and 1:0, respectively. The effects of NiO and Cr,0,
doping on the crystallization behavior, structure, and properties of glass—ceramics were investigated using characterization techniques
such as Differential Scanning Calorimetry (DSC), X—Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), and Fourier Trans-
form Infrared Spectroscopy (FTIR), along with physicochemical property tests including density, hardness, and corrosion resistance.
The results indicate that as the heating rate increases, the crystallization peak temperature is delayed, with crystallization activation en-
ergies ranging from 301 to 449 kJ/mol. After heat treatment at 900 ‘C, the primary crystalline phases are diopside (Ca,Mg, ,Al, ,Si;0,,,
PDF#96-900-5 279) and spinel (Mg, 5,Al,,05,, PDF#96-900-2 169). Furthermore, the introduction of NiO exhibits an inhibitory ef-

* BETE N5 HIAK HARER 4 (2022LHMS05002) s N5 H A X HJE F A EARHINY 45 2% (0406082312) .
EHE BT R —, &, WA
BIAEE UL, 5, BIHE% , E-mail : dlbgh2020@163.com
75 H #3:2026-03-11
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fect on crystal precipitation. Heavy metal leaching experiments confirm that the maximum leached concentrations of Cr and Ni in all

samples are 0.038 mg/L. and 0.076 mg/L, respectively, significantly lower than the national standard limits of 15 mg/L for Cr and 5 mg/

L for Ni, indicating excellent heavy metal immobilization capability of the CMAS system. This study elucidates, for the first time, the

synergistic mechanism of NiO and Cr,0, in the CMAS system, revealing that the heterogeneous nucleation effect of Cr** can counteract

the inhibitory effect of high NiO content on crystallization.

Key words: glass—ceramic; co-immobilization; Cr,0,; NiO; crystallization behavior
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FETC Ty WERR AR i 45 R, B T REEE PR A
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M E 3, F S g sp 2L 3 C/min FHE E 1 550 °C,
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Table 1 Raw material formulation compositions of

different samples

&it/lg CaO0 MgO ALO, SiO, Na,CO, NiO Cr0,
Ni-0.5 375 225 15 72 51 05 15
Ni-1.0 375 225 15 72 5.1 1.0 1.0
Ni-1.5 375 225 15 72 5.1 15 05
Ni-2.0 375 225 15 72 51 20 00
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Table 2 Crystallization temperature and activation energy of Ni—x (x = 0.5.1.0.1.5.2.0) glass samples

Ni-0.5 Ni-1.0 Ni-1.5 Ni-2.0

WrshiREE T/°C 5 “C/min 926.0 931.0 937.0 942.0
10 ‘C/mn 945.0 950.0 956.0 962.0

15 ‘C/mn 959.0 964.0 986.0 972.0

20 ‘C/mn 965.0 976.0 977.0 979.0

E/(kJ-mol™) 407.4 3442 301.8 449.0
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Fig. 1 Crystallization temperature and activation energy of

Ni-x(x = 0.5.1.0.1.5.2.0) glass samples
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Fig. 2 XRD patterns of samples after heat treatment at
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Fig. 4 EDS map of Ni-0.5 sample after heat treatment
at 900 °C
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Table 3 Degree of depolymerization for Ni—0.5. Ni—1.0.
Ni-1.5 and Ni-2.0
Sample Q° Q' O o’ DOD
Ni-0.5 7.83 19.19 48.53 24.98 2.13
Ni-1.0 6.61 17.30 13.44 32.30 1.38
Ni-1.5 6.78 17.62 43.62 32.28 1.99
Ni-2.0 7.70 20.59 51.73 19.99 2.16
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The effect of rare earth elements on the as cast microstructure
and properties of high carbon medium manganese steel

WANG Quan'?, QI Linyuyu®, LI Qiang', WEI Wengiang', SUN Lei'
(1. Inner Mongolia Zhongtian Hongyuan Rare Earth New Materials Co., Ltd., Baotou 014010,China; 2. School of Materials
Science and Engineering, Inner Mongolia University of Science & Technology, Baotou 014010,China; 3. Baotou Survey and
Mapping Research Institute,Baotou 014010,China)

Abstract: Through vacuum induction electric furnace steelmaking, composition determination, mechanical property testing, metal-
lographic observation, and theoretical analysis, the occurrence state and variation law of the quantity of rare earth in high—carbon
medium—-manganese steel, as well as its influence mechanism on the sulfide and oxide inclusions, microstructure, and properties
of the steel, were systematically investigated. The research revealed that for as—cast high—carbon medium—manganese steel, add-
ing a large amount of rare earth cannot increase the content of dissolved rare earth in the steel, and the content of dissolved rare
earth remains below 0.003 5%. The addition of rare earth can purify the molten high—carbon medium-manganese steel and
modify the inclusions. A small amount of dissolved rare earth can refine the size of primary dendrites, shrink the columnar crys-
tal zone, expand the equiaxed crystal zone, and inhibit the precipitation of network and acicular carbides. Under the conditions of
this experiment, the optimal addition amount of rare earth in as—cast high—carbon medium-manganese steel is 0.20%~0.25%. At
this point, the plasticity and normal- and low—temperature impact toughness of the as—cast high—carbon medium-manganese steel
are significantly improved.

Keywords: rare earth; high—carbon medium—manganese steel; microstructure; sulfide inclusions; oxide inclusions; properties

* AEBBIN . ERL B BIRY S TN, E-mail : 13847267965@163.com
s B #5:2025-11-30



FAL, A5 M X R e PR A e S A AU P BE A R T

135

JERSUE AU Z R0 3 Fp R BRI A 2 —
N R R A — RIS . T RS
AR A 7 A 1 R A E 4 R B3 AR R
W&, XFEHETERET L KR B E
P 25 (BRESHL R EEHL 2 A BEHL . A BEHLAE)
e o, LT A A2 248 K 434 4K SR FH v A A R T
Y&, AT 7853 R = 4l A0 7 K Re oo 2 A VE FH R T
J7 A B T e e B LT A R I Y A BTG, R AR
B R Ao (EXF T Kb BE R AR T
TAER SR AR, | T3z vhidi Ji/NASRe Ak 5
R R TTI o2o 1 ls O (A 35 s g S
b4 TR 2 30 2ok AR AT, o e A Ol A 7 i, T
43 Y5 4 0.80%~1.20%C. . 6.00%~9.50%Mn 1) H 4
B R AN T AR AR TP s TR R R AL
B, 2R AE AR 7 S B N R B T AT R K
JE X AR AT T 0 RN R P R R
%S5 Fo AR & A MR A i 5 (R R 8l g, 7 AR o 28 for
YRR R #5140 3R R BE B A% = A5 I AR 5 5 15 QAR AH A2
BE N Y A ST (AR 7 B T & S
28 B R (Mn7) B FAEAR b b s 000 R 1Y
BRES BT AR | rr /N B R A8 AL A Al B B R B AR R BT
551 FH R B A LU T B PR AR = T 60% LA, {EXT
T ORI BRI, 7E AR T 4 e & £ A [ sf
0 FRAR T B8 EC AR [ 0 Bl 5 1, SO0 PP A R Y
Bl ARG, %o 8 A R A B AN R . Sl TR
A G T B 1 5 et N AR R T R AR AR AR
B | [) B SR vy H R A ) S Al R, AR AIE S DA
B TR B R A S X 4, 3 4 R AR [ 287
B4 b BB T PR v A R AR R ke
Fe Ak R RS AR AR AT O AR TR B R A
ZEA 1M RE (VR IR R 2 SR B 5 B T e A
R ¢ R A [ 2 2 R AR R S T 2 I 5
HAVRIAS [ BE T 124 PR RE 52

1 HARFAE

1.1 #RH &

S JFURLR FH S iR Bk Y R AR AR DR
4 10~20 mm (La+Ce) IR & 765 - & 4, FIH LS Ny
DDVIF-25-60-5 . EL%5 iF 10 Pa it 25 Kg JEN L 4P 45
B, B HRIRLEE S 1 500~1 550 °C, K sk I %
FRAR SR, B AEUS IAHS + &4 . AR/KBH 15 min
Ji 2R FH 4 i B Be 5 , b #5 T B 1 400~1 450°C , B¢
B HEEEE R ST A 160 mmXx75 mmx250 mm , S7K Bes545

WETE AR T 2% 2] 300 CLA PR EZs U
1.2 SWA=E
121 UERHPRBHELEESH

A2 3 53 BT R FH CS—44 BRER A3 AL o3 B
Wk B & £ ; Optima5 300 DV 25 B TGS #r i
Rk B SR R R b R R SR G K ARG
HL R T 0 52 e 24 P IR B, o 2 25 R
A A R AR 1% K E AL +5%
ZOWEW 5% £ T FE+ CTEE T, B IR N
-15 °C, HLA# FL I 4 0.03~0.04 A,
122 $HBHE—XERNEHENE

1 D8 5 0 10 B9 S VR TS EE T R A DI OF L &)
PR BB TR T 28 3% 1 ML RE B Ra M 0.8 pum, R H
10%~20% 1) 5 B R B 7K 3 VRN SR 2R A7 8 oy, 48
& o S 1 A TR e PR 1 R AT BT 27 mm 7S AE 43, R
bR R RO — OB AR B

T L6 6
T L5 5T
E{ 4- L4 4
HE
o]
& z
i+ 13 3 o
= s
N
=
B L2 2|
— L1
rl =
\ / 5
~
o
75 mm

1 —REBRMNEFEE
Fig.1 Schematic diagram of primary dendrite

measurement method

RS R AXC-TV 4 A 5 3B W 52 56 4K 7Y
Se AP R LUIR L .
123 AZEMEEENE

125 Pk RE IR AE 5 B rh BT e B ) A, L
TR B R B8 172 R 1/4 4, FEEUREA B 40 18] 2
B o hiAdSZE5 5 ok 5 989 600 kN Hi, 17 iE#T K
IRIGHL, by 525625 B0 N1, 750 J A1k} h i 5e ML



136 I S 5 PN S

2026 4F 6 H 5545 B 2 M

]
1
162.00

18.75 —

56.25

75.00

2 NSRRI EE
Fig.2 Schematic of sampling locations for

mechanical properties
RS CWD-196T {14
2 KEERSHEITE
21 FEHRWUERIEBELIENPHRST

REEEE

F 1T SEPR A Ly, B 3 R AN
FRAIRAS A7 . R LR 3 E I, 3T s
FRANIN B 1 LIRS e Z e A T,
Je AR S i R LR R 90% LA b ik
rH R AN B A R i AR N BR 3# 4 SHEFE Y
[ 1 253 0.003 5% .0.002 19%410.001 4% 41,
HAREEY /NT 0.001 0% , 3 HBEE i LA &1

by | I e i b s wea ) 1] 5 [ S N S IRIET ST
o Bt PR AN R B AR B R R e A R Y
HLA AL AR fE B, BIVBE & i A = A 34T,
BT 5% B R RN JE 22 T AR - R T R,
TERR A SR R R B KA, 43514 0.104 4% il
0.103 0% , HH A9 H A A 7% 150K 0.001 4% .
AR S5 v A TR [ R e R R AR R
0.200 0% 4k , H: [ £ 35 51 0.003 5% . H Ui B B
R A ARG, 7 £ 58 0 A R A R
1Y LR B WG , S BON R LAk R e R 1)
b bl L Y e w07 N o) Wk R AN
TG IITERE T - Je 2, BEAR T A s 1 Ay 1]
Vi, A AR SRR AR AN A A e R R W Y
TN A PR, InA B R 2 sk /D, 4 K4y
i 1 TC R AR S A IR TC R I U I A FE L,
it 4 v A A b SRR ARG SR VR .

o Frrws
. A R LR
. v EwkLE
0.104 42
0.10 0.103 0
S
15 0.08
4 0.063 1
+H 0.06 0.053 5 £0.0610
% 0.0488 2 £0.050 0
0.04- 0.048 1
E
0.02{ 00152/
<0.0005 00150 (493 5
0.00- S e S
0.0002 0.000 7 0.0021 0.0014

0.00 0.05 0.10 015 0.20 0.25 0.30
W EIAE/%

E3 ®BIEWNTBRITFREREFE
Fig.3 State of existence and content of rare earth

elements in steel

Table 1 Chemical composition of the experimental steel

B R SR /% WEmAR W ESRREE YRR R B LR

7 C S Mn P S 1% 1% 1% 1%

0# 140 035 886 00263 0.017 0.00 <0.000 5 <0.000 5 <0.000 5
1# 138 037 8.86 0.0272 0.004 0.10 0.0152 0.0150 0.000 2
2# 139 038 856 0.0260 0.003 0.15 0.048 8 0.048 1 0.000 7
3 1.39 040 892 00282 0.003 0.20 0.053 5 0.050 0 0.003 5
44 135 042 844 0.0272 0.004 0.25 0.063 1 0.061 0 0.002 1
5# 137 039 8.67 0.0276 0.004 0.30 0.104 4 0.1030 0.001 4
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The numerical simulation of molten steel mixing characteristics
in the new swirl tundish

WANG Wei', HE Wenxiu', RUAN Fei’

(1. School of Chemistry and Chemical Engineering, Inner Mongolia University of Science & Technology, Baotou 014010, China;
2. School of Rare Earth Industry, Inner Mongolia University of Science & Technology, Baotou 014010, China )

Abstract: In view of the lack of systematic research on the transmission characteristics of swirling tundish, a new swirling tundish was
designed based on T-type tundish. The dam, weir and cyclone chamber are the main flow control component in the new tundish, which
can form eddy in cyclone chamber by using a simple nozzle with single—side outlet. FLUENT software was used to simulate the flow and
mixing characteristics of molten steel in tundish under different structural parameters. The results show that the average residence time
of molten steel is 367.69~395.01 s, the volume fraction of plug flow region is 8.7%~13.8%, the volume fraction of dead zone is in the
range of 5.8%~13.2%, and the volume fraction of mixing region lies in 75.2%~84.8% in the tundish. The comprehensive performance
of the tundish is optimal with the structural size parameters such as the swirl chamber diameter, swirl chamber height, dam height, weir
height and dam weir spacing are 600mm, 550mm, 300mm, 900mm and 800mm , respectively.

Key words: continuous casting ; tundish ; swirl chamber; mixing characteristics ;numerical simulation
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Fig.1 Schematic diagram of tundish geometric model
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Table 2 Research scheme

SS9 D/mm  H/mm  HB/mm  HB/mm  L/mm
1# 500 450 300 600 400
24 500 550 400 700 600
3# 500 650 500 800 800
44 500 750 600 900 1000
5# 600 450 400 800 1000
6# 600 550 300 900 800
T# 600 650 600 600 600
8 600 750 500 700 400
o# 700 450 500 900 600
104 700 550 600 800 400
11# 700 650 300 700 1000
12# 700 750 400 600 800
13# 800 450 600 700 800
14# 800 550 500 600 1000
15# 800 650 400 900 400
16# 800 750 300 800 600
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Fig.2 Trajectory diagram of molten steel flow in tundish
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Fig.3 Velocity contour of molten steel on Z=0.45 m section
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Table 3 Average residence time of molten steel for different

schemes
VES ils VES ils
1# 393.26 O# 371.92
2# 395.01 10# 367.69
3# 390.18 11# 379.81
44 386.98 124 384.64
S# 390.19 13# 372.69
6# 394.21 14# 375.81
T# 394.88 15# 373.83
8# 390.86 16# 377.15
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Figure 5 Typical dimensionless RTD curve
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Table 4 Volume fractions of different regions in tundish

under different schemes

ES VIV VIV i%
1# 11.7 5.8 82.5
24 10.9 6.8 82.3
3# 10.1 10.2 79.7
4# 9.3 10.8 79.9
54 115 8.2 80.3
6# 11.8 5.9 82.3
T# 112 6.3 82.4
8# 10.1 8.7 81.1
o# 9.5 12.2 78.3
10# 9.3 13.2 77.5
11# 8.7 6.5 84.8
124 10.1 6.7 83.2
13# 12.3 8.9 78.8
14# 13.5 6.9 79.6
15# 12.7 12.1 75.2
164 13.8 6.1 80.1
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)4 A8 X P BV O Bh 2 18, TR A R
G0 ANFI T ] A P BB RN A 3 5] AR
T ) 2 R AN B0 o e 4 s o IR, SEBRAE 7
H 3 A B R R A R X R R AR, X
R AL BT P T AR B R AR FE AR . R, X
B G T R P AR AR B B

34 HEEMHEEEST

A 143 551K v T) 5 P~ 357 4% P s ] TR
AROLHTTEPE T &7 R T R L RE
171 X 52 B v 1) 6T 5 A IR s A
e, R, A7 X LR A P RE A T 2 ULPE A, AR
FAEFAF T ERILSEAE .

X R R A HERE TR R S AR s B
S A )AL BT 24455 BE B TR) AR X AR AR A
B AR B 4 B0 (1) A (12) B4k £ H

B4
R feERRME
WA = it — s 00 (Y
Heb i A — Hbi A
Feb A — Fhi /M
s o ARBROKN ~ bl
FebE I — S bR M
S 2 R B2 (1) BB
BRI (12) FHBE . SR 14 D I 4 45400 T
T [ T A ER A A T 7 5]
e R Y SR AN 5 B

PE9B = x 100. (12)

®5 BHRERTIRETES
Table 5 Scores of each performance indicator and total

score

FE CPBERERS RRERS A4
1# 94 100 97
24 100 87 93
3# 82 41 61
4# 71 32 51
5# 82 67 75
6# 97 98 98
T# 100 92 96
8# 85 60 72
o# 16 14 15
104 0 0 0
11# 44 90 67
124 62 88 75
13# 18 58 38
144 30 85 57
154 22 15 19
16# 35 96 65

% S AlA, &% 7 BRI ZE G YERE TR A7 1E
B 25 S o 1 2# 68 L TH T R4 TE 90 43
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PERE
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Research on process optimization for preparation of sinter with
high proportion of magnetite concentrate

ZHANG Zuoliang, SUN Ye, CHEN Ren, HUANG Yan, LI Meng, LI Zhexi
(1. School of Metallurgy and Materials Engineering, Liaoning Institute of Science and Technology, Benxi 117004, China; 2. Key

Laboratory of Optimization and Utilization of Non—Associated Low—Grade Iron Ore, Liaoning Institute of Science and Technology,

Benxi 117004, China)

Abstract: Through sintering cup experiments comparing the baseline period (40% concentrate ratio) and the experimental period (67%

concentrate ratio), it can be found that when the quicklime ratio is 6%, the sinter exhibits optimal comprehensive performance: the

tumble strength reaches 70.20%, the solid fuel consumption drops to 36.76 kg/t, the reduction degree index is 84.48%, and the low—

temperature reduction degradation rate RDI,; s is 79.83%. Mineral phase analysis shows that the sinter is dominated by compound cal-

cium ferrite, hematite, and magnetite, with an average basicity R, of 2.07 and FeO content of 9.02%. The research results provide key

technical support for the green and low—carbon transformation of the steel industry.

Key words: magnetite concentrate; sinter; process optimization; tumble strength; reduction performance
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UEAFE R B LR AT ST UE S, 38 2 4 v W ORS  TC
e (2 15%~30% ) AXAT LASE INZL 45 HH L], ks vk
AT, TH BRI BLGR , ib E 5 1R THBe 45 0 A 5%
SO0 M TFe R R [N, Bl [ P Aolk 7R 58
G LR PRI 7 12 CHn R4 PR B2 BORH O sl ik
TREO WM, FCR™ i 2 1 22 58 1) Bh2 e A2, e
e P A 2 ) IEAE AN gz 4 o

R IE & A FR G5 GERE YRGB Ry BL L 57
Bl TS 8EH R X R r= & & XA
G VERE B R KL, 6 78 BE BRGS0 Ry R 4 R Y
VEJHHLBE , 8 f (0 T 2 261, O BEHRORS B 83 1
BE 4 A 7 R Y LA A R AL RS 4 T AR
SCHE o WETE RIS T AU b 45 B 45 4 | AR Bk

A1 R AR AT BE 3 B0 Bk Tl 2% (0 R ik e e B
AEEAISEE

1 RIe

1.1 SCIgJE#

ARSI R38R E Y SRR A R R, BT
JrORHA 45 SRR OB, 23 0 A R o AT EREE R R
Tk PB AN SRR N SRR S AN | R
RV RN A A K AR A = A R R R
o b RE RN HL AT A [ AR PR R RE RS R o
A 5 S 56 EL A R i) B Bk JRURE R AR LRI RS B A
BE EU B4 50 T AR SEBR 50 171 2E o

FI AT SEBR IR A 22 LA an R 1R .

®1 BRERERBHLZERS (RESE.%)

Table 1 The chemical composition of sintering raw materials

TFe Si0, Ca0 MgO ALO, K5y VoL

M oF 67.11 5.96 0.16 0.16 0.08 9.00 -2.63

HiH” 65.19 7.18 0.24 0.28 0.88 9.00 -2.59

Ep s 57.20 6.20 0.40 0.45 5.36 9.00 7.00

B 55.89 6.73 0.11 0.11 3.00 9.00 8.87

PB 61.40 3.88 0.10 0.12 2.26 8.19 5.62

Wit 35.00 11.00 24.00 7.00 2.50 8.00 7.46

K 32.38 6.55 3.32 0.49 3.56 5.00 41.05
e 42.40 4.07 10.57 1.92 0.15 10.00 18.26

R 55.67 5.99 12.04 1.53 1.46 - -0.60
BiRA 55.11 6.03 12.41 2.05 1.64 - -0.33
AR 0.27 2.39 73.08 1.66 - - 26.54
A KA 1.50 3.34 50.30 1.54 - 3.00 41.12
HzofA - 5.31 26.17 24.45 0.22 - 44.05
= 3.43 10.13 1.91 0.23 5.87 10.00 81.62

12 XWAHR

HRHEIZ ) 25 B4 S b 2B 7 1 L i AT be 4 0
BCA™ , I LLAE o SR e 7 58, S50 01 SR DR UEAS
WL 67%. B RSEE 7 2 N2 2 MR 3 Jir
TR 322 A HEUEIA RGO Ry C LA 67% W 8 3 okt
20 RNIC LY, 3R 3 S B I RORS R IEE LU R 679% Bt
(70N b B 2 BRI L

®2 SURHHAMKREL (RESH.%)

Table 2 The composition and proportion of iron—bearing

materials
G5 FoF HH PB4 ANTY
FHe o 40 - 40 10 10
67% 48 19 13 10 10

®3 mMARREL (RESH.%)

Table 3 The composition and proportion of the other minor

components
I A R R
B 40 30 30
67% 40 30 30

FLAR S it 19 A 5008 245 R 512 365 1) 5 445 ek 2
Betbange 4 .35 Fim . EMERI N 4L, Seu i R 17
o FEMEWIA KL R 5.0% , R A& 2ok h e
75 PB AU AR 10 N “JZ201~JZ08” , Hi v “J704” #47
TEH S, CJZ057 R BT B AR B,
“JZ06~JZ08”fHi F T itk m 5 M H = A, X AE A K
AT AL, 7K 0.4 ke M T HIRD™ . L5 kA
ARG, BE H R 5.5% B — 34 4, 2r BlE K
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“SY5.5-01~ SY5.5-04", >k H 09 &% 2k MBS 7% \PB.
AR AL, “SYS.5-04" [ T AR A i A
6.0% ) —H 449, 53 5lic H“SY6.0-01~ SY6.0-04",
HHA1“SY6.0-01" R HI 9 & 2kl g 2% . PB R A5 AN
i, HH“SY6.0-02~ SY6.0-04" % FH 1) & 4k A
R ¥ PBAIENRE iR B R, A= A KIH AR in K
0.45kg, s K 11 K TkPa, 58 45 7 & 14kPa; Bt b 4
7.0% )—3L6 4, 43t A “SY7.0-01~ SY7.0-06"
F & R B 2R (PB FIEN B, 5 K f7 R 7 kPa,
P45 JE 14 kPa , “SY7.0-017 2= 47 JK 18 4k fin 7k
0.735 kg; “SY7.0-02" 4= A KIH ALK 0.74 kg s {1

H R &, “SY7.0-03” A £ K {4 4k i /K 0.84 kg;
“SY7.0-04" 4= f1 K IE AL 7K 0.70 kg; “SY7.0-05" 4
A1 AR K 0.65 kg i I FIR AT, “SY7.0-06" 4
A KIEAIMK 0.65 kg {HFH HRA, BL L 8.0% 1)
—3E 340, 43 B M “SY8.0-01~SY8.0-03" . Ry
TR Y (PB AIER B, “SY8.0-01" A= A JK I 1k
Jin7K 0.6 kg; “SY8.0-03" 4= A1 JK i AL i 7K 0.84 kg.
SRR B S BESE BT e (R2) 7E 2.0~2.1 Z [A],
MgO & HTE2.20 454, FeO & AN EIT B L Begs BHD
b4 BT AMECEE BL [ 5E S 27% , AAE LA
BRI m iR MR 4R

R4 BEHEHEERHANRELR (RESH, %)

Table 4 The composition and proportion of sintering feed in the baseline period

JZ01 1202 1203 J204-1 1204-2 1705 1706 17207 1708
oY 32.00 31.12 31.60 31.50 31.50 31.50 31.50 31.50 31.20
PB 32.00 31.12 31.60 31.50 31.50 31.50 30.57 30.57 30.52
A 8.00 7.79 7.90 7.80 7.80 7.80 7.80 7.80 7.80
AIRA 8.80 8.21 7.40 7.80 7.80 7.80 8.89 8.89 9.06
Haf 2.20 5.00 5.00 4.80 4.80 4.83 4.29 4.29 4.48
H AR 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
i 3.20 3.11 3.16 3.16 3.16 3.16 3.16 3.16 3.16
TP R 2.40 232 2.37 2.37 2.37 2.37 2.37 2.37 2.37
iR 2.40 2.32 2.37 2.37 2.37 2.37 2.37 2.37 2.37
£ 4.00 4.00 3.60 3.70 3.70 3.67 4.05 4.05 4.03
x5 ZIHARREREARRELL (RENE, %)
Table 5 The composition and proportion of sintering feed in the experimental period
SY5.5-01  SY5.5-02  SY5.5-03  SY5.5-04  SY6.0-01  SY6.0-02  SY6.0-03  SY6.0-04
¥ 36.72 36.72 36.72 36.72 36.96 53.40 51.73 51.73
PB 9.95 10.10 10.10 10.40 10.01 13.60 12.84 12.84
A 7.65 7.80 7.80 8.73 7.70 - - -
Hu 14.53 14.53 14.53 14.53 14.63 - - -
EBE - - - - - 4.25 4.25 472
AIRA 9.73 9.73 9.73 8.90 9.03 6.93 9.02 8.89
Hzaf 4.60 4.60 4.60 4.20 4.60 4.50 4.50 4.50
AR 5.50 5.50 5.50 5.50 6.00 6.00 6.00 6.00
it 3.05 3.05 3.05 3.05 3.08 3.15 3.15 3.15
RR 2.30 2.30 2.30 2.30 2.31 2.36 2.36 2.36
bR 2.30 2.30 2.30 2.30 231 2.36 2.36 2.36
=Y 3.67 3.37 3.37 3.37 3.37 3.45 3.81 3.45
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S
SY7.0-01 SY7.0-02 SY7.0-03 SY7.0-04 SY7.0-05 SY7.0-06
3B 53.40 53.43 53.40 52.35 52.02 52.02
PB 13.60 13.63 13.60 13.36 13.15 13.15
R - - - - - -
Hm™ - - - - - -
BB 4.25 4.25 4.25 4.13 4.07 4.07
A KA 5.93 5.84 5.93 7.34 7.98 7.98
Mzt 4.50 4.50 4.50 4.50 4.45 4.45
AR 7.00 7.00 7.00 7.00 7.00 7.00
it 3.15 3.15 3.15 3.15 3.13 3.13
TR 2.36 2.36 2.36 2.36 2.35 2.35
e 2.36 2.36 2.36 2.36 2.35 2.35
53l 3.45 3.48 3.45 3.45 3.50 3.50
g k&
SY8.0-01 SY8.0-02 SY8.0-03
GBS 52.73 52.73 52.95
PB 10.23 13.57 13.83
B - _ _
A~ - - -
B 7.87 4.53 438
A KA 5.25 5.25 5.10
HzofA 4.50 4.50 4.50
A K 8.00 8.00 8.00
Wit 3.15 3.15 3.15
TR 2.36 2.36 2.36
e 2.36 2.36 2.36
£k 3.55 3.55 3.37

1.3 LG ERFE

PRESM LI AR MR B e A, i B AR
FEFHIH, ALFE < KR BEEEAN XU PR R A
AL . BEEE AR R SE 2 AR R 300 mm, = N
750 mm . BELERE BN BRI WME 1 PR,

HRAE 52 5 G 04T B ARk, o L 4 i ek e TR R
PUIRA) EBR . AR5 K IR A (0 B2 &) b A B 2540
P IR bess . BelrJE P AR B AR HILIEA TR , SR
Je HEATIE T SC K, S S I bR 45 1 R A TR A I O
Oy RLEERY A BRI R EE T TR B8 AR
JiFR Ak S R S0 . G S 3 R FH 1/51S0 Fn
B, AR AL IRy A6 52 55 Sk F] GB/T 13242—2017
Cm LA SRRy A T8 500 7 v L) . 1
JECRE 52 SR FH GB/T 13241—2017 80 A 8 J5i 1
BRI 7 5% o

W RIBEE T 235Nk 6 in. LI H K

|:| ool
o000

J cooo
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\ S |
THEAL ; 5 |\ ]
F RS B oin | e

e ARERG

Bl BRENIHRESEREE
Fig.1 Schematic diagram of the sintering cup

experimental setup
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AR TS 3 0, T $E AT AKIE AL, IR S kK R S5 2280 i B R R [T AR 8K R 1 E 1Y AR Ak
JEANBRES 7% TEOL AN 2 Fros o
R6 BRETIEZSH

Table 6 Sintering process parameters gg -
. \ it <O S 60
BE RO —RAT ﬂ;/ ST 50
Bl K5H% R 0
min kPs kPs 20.
750 7.5 10 3 6 13.5 =
2 EREGHH g
1 * &ab 0.0 % L]
2.1 RREEHIkERE FIR AN SRR SRR
AR T (2 P RS AT N 22 7 s R IRAT B8/%:1-5.0:2-5.5:3-6.0:4-7.0;5-8.0.
N 5353 = A pe 2 i e b - j/% .
Lﬁ%‘z*ﬁﬁﬁ?@?ﬁ;&g’lﬁmﬁ’]bﬁ/nia/ B2 AEEREL TR IER
BUL R RAVERER br o 0 T8 T HO 8, 1B 45 L 7 Fig. 2 Sintering performance indicators under different
7 B KB ERR TR AR, A AE A KT HE T, b8 quick lime proportions

RT IREVEREISIR

Table 7 Sintering performance indicators

e I FIHI ?%& ﬁﬁ%‘éﬁﬁ? i35 iﬁiﬂ%ﬁ Wﬁ:%ﬂ
Mte(m*-h)] /(mm-min™") BB I% 68U % THFE/(kg-1")

J701 80.63 85.58 2.23 29.09 73.67 3.36 43.63
1202 78.39 91.58 2.02 24.19 63.80 479 42.10
1703 81.68 84.19 1.63 20.81 68.87 5.33 39.44
J704-1 81.56 81.80 1.49 19.08 62.60 5.67 41.77
J204-2 81.47 84.21 1.99 25.47 68.53 5.43 40.62
705 82.04 83.70 1.55 19.69 66.47 5.81 40.26
1706 84.24 84.72 1.57 19.60 70.80 4.93 42.79
1207 80.96 85.80 1.63 20.25 74.73 5.08 43.57
J708 82.57 85.24 1.60 19.92 74.73 5.01 43.20
SY5.5-01 82.25 82.22 1.83 2351 70.27 5.12 40.86
SY5.5-02 82.91 83.52 1.38 17.13 75.00 5.63 36.71
SY5.5-03 82.65 83.75 1.54 19.15 72.20 4.92 36.72
SY5.5-04 83.35 75.95 1.28 17.20 73.73 4.67 40.00
SY6.0-01 82.76 83.56 1.52 18.75 70.60 5.07 36.76
SY6.0-02 83.28 80.83 1.21 15.31 7273 6.07 38.62
SY6.0-03 82.49 87.22 2.26 26.83 73.53 4.59 40.01
SY6.0-04 82.68 85.84 1.61 19.25 74.20 5.37 36.77
SY7.0-01 83.21 86.07 1.70 20.13 70.20 5.12 36.40
SY7.0-02 83.28 84.46 2.40 29.34 70.33 4.68 37.34
SY7.0-03 83.28 84.94 2.02 24.22 70.20 4.89 36.84
SY7.0-04 83.06 78.97 1.18 15.50 72.13 5.17 39.56
SY7.0-05 82.52 79.85 1.38 17.90 73.60 5.27 39.97
SY7.0-06 84.11 68.75 0.95 14.46 73.73 5.68 50.03
SY8.0-01 85.49 57.18 1.04 18.34 69.07 5.51 53.86
SY8.0-02 82.88 86.57 2.08 25.18 71.60 4.73 37.36

SY8.0-03 83.75 78.12 1.34 17.65 70.00 5.27 38.74
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t AT, SRR L SR R S R
AR B A R LA e R L (R R R 4K
BARE TR KRN 5.5% W), R R 80U
A 1.28 t-m™-h™'o SR, A K 5 1R 7% B, FH
B S E R 2 358 T 1.7 tom 2 h's

Fa 0 IC Ee 48 = 05, 5 R RS A HL B R
TR LA, e Bl B A5 0 U0 | Ak 2 it e A 1 e Bl
B BT BT R, 25 K 55 18 5.5% I, e G35 8 o
W, H72.2%,

[, R RRH I FE 4 A 20 oo, R
THAETE T B, AR R 75 iR 6% B [ V1% L 1 #E fi
1%, 4 36.76 kg/t.

TR GE MR LB B B ARAR R EE A2 W R
F8FIR

®8 BRETHENRS (REHE/%)

Table 8 The chemical composition of sinter Ore

i TFe FeO CaO Si0, MgO R2
J701 5545 9.84 1219 580 196 2.10
1702 5448 9.84 1284 6.04 219 213
JZ04-2 5514 952 1214 6.03 215 201
1706 5468 9.01 1236 634 216 2.09
1208 5433 853 1269 6.17 206 2.06
SY5.5-02 5420 862 13.19 635 226 208
SY5.5-03  53.64 856 1375 644 229 214
SY6.0-04 5393 8.69 13.65 630 2.14 217
SY7.0-01 5441 855 1325 630 221 210
SY7.0-02 5428 9.97 1298 649 219 2.00
SY7.0-03 5451 933 12,68 6.54 222 194
SY8.0-02 53.94 946 1326 634 216 2.09

YEEL“]Z06” . “SY5.5-03” . “SY6.0-04” . “SY7.0-
02" F1“SY8.0-02" J5 % W) be 45 ™ f80R 4 tE R ik,
MERZE R nFE 9 10 s,

R RETIASMRE

Table 9 The metallurgical properties of sinter ore

'S T IE R LSS RDL, R R RI

1706 73.5% 85.5%
SY5.5-03 77.7% 81.3%
SY6.0-04 83.2% 86.5%
SY7.0-02 79.0% 84.6%
SY8.0-02 79.4% 85.5%

22 AW

PEEL“JZ06” . “SY5.5-03" F1“SY8.0-02" )5 & i
WREEW AT ORS00 2T, 15 8 T B AT TR
TS UL B YAR . i 3~5 B .

H-7RE0:SFCA-E & 2k R4S

3 JZ06iR 1) SEM EiE
Fig.3 SEM Micrograph of Sample JZ06

M-BER A SFCA- 5 A Bk T % G- BB HEP-FL I

4 SY5.5-03iX#H) SEM Eli%
Fig. 4 SEM Micrograph of Sample SY5.5-03

10 pm 2
H-7F0;SFCA-B &8R4S P-FLE.

5 SY8.0-02iX#FHY SEM EliE
Fig. 5 SEM Micrograph of Sample SY8.0-02

R XE A Tl AR A AR SR AT B R B4
A R BIOWTE SR Gl DXl 5 B S T2 P 20 Ar, 46
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The influence of isotope substitution on the characteristic peaks
of Raman spectra of hydrohalite

ZHAO Haiwen', HU Qingcheng’
(1.Science and Technology Department, Inner Mongolia University of Science & Technology, Baotou 014010, China; 2. School
of Mining and Coal, Inner Mongolia University of Science & Technology, Baotou 014010, China)

Abstract: Analyzes the OD/OH stretching vibration bands of (D,0 + H,0)-NaCl (om0 = 0/1, 174, 1/1, 4/1, 1/0) solutions under
freezing conditions at —100 ‘C. For the consolidated ice phase and hydrohalite phase, as the D,0<>H,0 substitution degree increases,
the main peak of ice’s OD/OH stretching significantly blue—shifts from about 2 325 ¢cm™/3 135 em™ to about 2 450 ¢cm™/3 280 cm™,
while the characteristic peak of OH stretching in NaCl-2H,0 shows no significant change in shape. The third characteristic peak of
NaCl-2D,0 is weakened and nearly disappear, and the fourth characteristic peak red—shifts by about 15 em™. We attribute the four
characteristic peaks of hydrohalite to the vibrations of water molecules in different interaction situations within the hydrohalite struc-
ture. H<>D substitution enriches the vibrations of water molecules in hydrohalite, adding HOD stretching vibrations with similar fre-
quencies to the OD/OH stretching vibrations. The same magnitude of changed vibration frequencies are more easily manifested near the
narrower OD stretching peak, and thus H<>D substitution has a greater impact on the characteristic peaks of NaCl-2D,0.

Key words: hydrohalite; Raman spectra; isotope substitution; structure
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Fig. 1 The OD/OH stretching bands for (D,0+H,0)-NaCl
(nyo/np o = 0/1,1/4,1/1, 4/1, 1/0) solutions at—100 °C
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Fig. 2 The sketch showing the change in the interactions on
H <> D substitution in NaCl-2D,0 and NaCl-2H,0O. (The po-
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Based on geophysical methods, the dam structure and basement
geological structure are described in detail

YANG Jing,ZHOU Yue’,TANG Haiyan,WANG Zheyu
(1.School of Mining and Coal, Inner Mongolia University of Science & Technology, Baotou 014010, China; 2.Key Labora-

tory of Mining Engineering, Inner Mongolia Autonomous Region, Baotou 014010, China)

Abstract: Taking Guyang tailings reservoir as a typical case, innovatively integrates two geophysical methods of high—density electrical
method and transient electromagnetic method, and constructs a comprehensive detection technology system combining ' shallow—
medium—deep ' and ' high-resolution—large depth '. Through systematic data acquisition, processing and comprehensive interpreta-
tion, the shape of the infiltration surface inside the dam body is finely depicted, and the positioning error is < 0.3 m ; the abnormal area
of low resistance seepage is identified, with an area of about 1000 m* and a maximum depth of 20 m. At the same time, the thickness of
the overburden layer of the dam foundation, the fluctuation characteristics of the bedrock and the spatial distribution of the fracture
zone are identified. The comprehensive interpretation accuracy is 30% higher than that of a single method, which verifies the effective-
ness of the " shallow—medium—deep ' detection system. The research results directly support the optimization of saturation line monitor-
ing of Guyang tailings reservoir in Inner Mongolia—valley tailings reservoir in arid area. The proposed multi—source geophysical infor-
mation fusion technology can provide technical demonstration for the key laboratory of mining engineering in our school.

Key words: tailings reservoir; high density resistivity method; transient electromagnetic method; comprehensive detection
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Study on the influence of transition temperature on ion Trans-
port properties of solid electrolyte Li,GdCl,

ZHAI Yixiao, FENG Wenke, SONG Anning, REN Yuan
(School of Mechanical Engineering Inner Mongolia University of Science & Technology, Baotou 014010, China)

Abstract: Taking the rare earth—based halide Li,GdCl structure as the research object, first—principles calculations and molecular dy-
namics simulations were employed to systematically analyze the evolution law of lattice constants, Li* diffusion kinetic characteristics,
and activation energy variation trends of the structure within the temperature range of 600 K-800 K. By this means, the coupled effect
of temperature on the material’ s microstructure and macroscopic transport properties was explored. At 700 K, the lattice constant a of
the structure abruptly changes from 13.91 A(at 650 K) to 14.029 A, and the activation energy drops sharply from 0.57 €V in the low—
temperature range to 0.26eV; the structural transition is manifested by the partial disintegration of octahedra into tetrahedral coordina-
tion, and the connectivity of ion channels increases by 30%, indicating that 700 K is the critical temperature for the changes in struc-
tural stability and ionic transport mechanism of the structure. By clarifying the changes in polyhedron connection modes before and af-
ter the structural transition temperature of Li3 GdCle, which in turn affect the ionic transport mode, the synergistic mechanism of
temperature—induced lattice reconstruction, channel evolution, and energy barrier regulation is revealed, providing theoretical support

for understanding the temperature adaptability of halide solid electrolytes.
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Table 1 Lattice constants of Li,GdCI; at different tem-
peratures
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HuA A A
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800 14.57 12.73 15.19
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Research Progress on Ferritic Stainless Steel Connectors for
Solid Oxide Fuel Cells
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Abstract: Solid oxide fuel cells are composed of interconnects,cathodes,electrolytes,anodes and sealing materials.The interconnects in
the fuel cell stack not only play the role of connecting adjacent electrodes but also are responsible for isolating gaseous fuels and oxi-
dants.They have high requirements for the electrical conductivity and oxidation resistance of the materials.Ferritic stainless steel is con-
sidered the most suitable material for interconnects due to its excellent electrical conductivity,workability,chemical stability,oxidation
resistance and low material cost,However,its performance still needs further optimization.The review aims to systematically review the
research progress in modification technologies for ferritic stainless steel interconnects used in solid oxide fuel cells,it focuses on the re-
search status of alloying modification and coating technology modification of ferritic stainless steel and provides an outlook on the key
analysis directions of interconnect materials,to provide a reference for subsequent commercial applications.
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Fig. 1 (a) The relationship between Inp and absolute temperature 1/T after microwave sintering at 1 400 °C in N, atmosphere;

(b) The relationship between Inp and absolute temperature 1/T after microwave sintering at 1 400 °C in air atmosphere
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Optimization design of new cobalt based high—temperature al-
loy composition

MENG Keke, ZHAO Xuecheng, LIU Shuai
(School of Mechanical Engineering, Inner Mongolia University of Science & Technology, Baotou 014010, China)

Abstract: The strengthening mechanisms of conventional cobalt—based superalloys are solid solution strengthening and carbide
strengthening, which are comparatively weaker in terms of coherent strengthening effects of the ordered 7y’ phase than those in nickel—
based superalloys, thereby limiting their high—temperature applications. Based on this, the research optimized the chemical composi-
tion of cobalt—based alloys through thermodynamic calculations, designing a novel cobalt-based alloy composition with a threefold
strengthening mechanism to enhance its high—temperature performance. Firstly, an appropriate amount of Ni and Al was added to Co,
and part of Ni was replaced with Fe to stabilize the y phase and precipitate the y' strengthening phase, while reducing the high—cost Ni
usage. Subsequently, high—melting—point metal W was introduced to form MC—type carbides (WC) with carbon, and by controlling the
W and C content (2.5 at% W and 2 at% C), the precipitation of harmful phases was suppressed. Ultimately, a new type of cobalt-based
superalloy was successfully designed, achieving the synergistic strengthening mechanism of solid solution strengthening, coherent
strengthening, and precipitation (carbide) strengthening, which provides new avenues for the application of cobalt—based alloys in high—
temperature environments.

Key words: cobalt based alloy; component optimization; thermodynamic calculation; strengthening mechanism
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BER Co Al Ni Fe W
Co—5A1-20Ni-10Fe 65 5 20 10 0
Co-5A1-20Ni-10Fe-2W 63 5 20 10 2
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Table 2 Solidification temperature range, dissolution temperature of y’ phase, and y/y’ lattice misfit of different alloys
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Co-5A1-20Ni-10Fe-2Cr 1 454.66~1460.36/5.70 674.57 0.690
Co-5A1-20Ni-10Fe~2Mo 1431.22~1448.93/17.71 700.44 0.915
Co—-5A1-20Ni-10Fe-2Nb 1391.30~1439.75/48.45 616.98 1.290
Co~-5A1-20Ni-10Fe—2Ta 1321.54~1435.67/114.13 761.71 1.621
Co-5A1-20Ni-10Fe—2W 1455.61~1462.78/7.17 718.37 0.958
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Numerical study on hydrogen absorption and desorption per-
formance of novel magnesium hydride solid—state hydrogen
storage device

ZHU Lei, LIN Yubo, LI Yongzhi’
(1.School of Science, Inner Mongolia University of Science & Technology, Baotou 014010, China)

Abstract: In order to explore the factors affecting the hydrogen absorption and desorption performance of the new magnesium hy-
dride solid hydrogen storage heat exchanger, a magnesium hydride solid hydrogen storage device was designed, and the effects of op-
erating parameters and structural parameters on the hydrogen absorption and desorption reaction were numerically studied. The re-
sults show that in the process of hydrogen absorption, the hydrogen absorption rate increases with the increase of inlet pressure.
When the inlet temperature of heat transfer fluid decreases from 593 K to 493 K, the maximum average reaction fraction increases
from 0.99 to 0.86. When the flow velocity of heat transfer fluid is greater than 5.0 m/ s, the hydrogen absorption rate increases
slightly. During the dehydrogenation process, the influence of outlet pressure on the dehydrogenation rate is opposite to that of the hy-

drogen absorption process. Increasing the temperature of the heat transfer fluid can significantly accelerate the dehydrogenation rate,

* BEE&TB:EK B KRB 4 (52261041) 5 N 5l B K 2% BE AR 45 2% % I B 4 (2024RCTDO09; 2023YXXS020,
2024YXXS055) %51
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and the influence of the heat transfer fluid flow rate is the same as that of the hydrogen absorption process. The optimal operating pa-
rameters for hydrogen absorption are initial temperature of 573 K, inlet pressure of 2.6 MPa, heat transfer fluid temperature of 553 K,
and flow rate of 5 m / s. The optimal operating parameters of hydrogen desorption are outlet pressure of 0.1 MPa, heat transfer fluid
temperature of 683 K and flow rate of 5 m/ s. Under the optimal operating parameters of hydrogen absorption and desorption, the
models of different ratios of the total volume of heat exchange tubes to the total volume of the reactor were simulated. It was found
that the hydrogen absorption effect was the best when the volume ratio was 0.1, and the hydrogen desorption rate was the best when
the volume ratio was 0.4.By optimizing the operating conditions, the hydrogen absorption time was shortened from 5 125 s to 1 070 s,
the hydrogen desorption time was shortened from 5 805 s to 650 s, and the hydrogen absorption and desorption time was shortened
by 79.1 % and 88.8 %, respectively.

Key words: MgH,; hydrogen storage; heat exchanger; reaction rate
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Combustion performance of plasma modified catalytic oxidation
of low concentration methane

ZHANG Xiaoxia, JIN Qiutong, FANG Hongbin, GONG Zhijun
(School of Energy and Environment, Inner Mongolia University of Science & Technology, Baotou 014010, China)

Abstract: The methane concentration in ventilation air methane is only 0.1%~1.0%, and the traditional catalytic combustion technology
requires high temperature above 600 “C. In view of the technical bottleneck of catalytic combustion of low concentration methane, Cu—based
catalysts were prepared by plasma modification technology. The plasma modification process was optimized by setting the discharge voltage
of 50~200 V, the discharge frequency of 200~800 Hz, the treatment time of 10~30 min, the oxygen space velocity of 15~30 mL * min" *
¢'. The results show that the modified Cu—based catalyst is 22 “C lower than that of the unmodified sample T, T, is 21 °C lower, Ty, is
442 °C lower, 49 °C lower than that of the unmodified sample, and the low—temperature and high—efficiency catalytic combustion of low—
concentration methane is realized. The plasma contains a large number of high—energy electrons, ions and neutral particles. These particles
refine CuO grains to 7.66 nm and increase the specific surface area by 13.56% through physical bombardment and chemical etching. At
the same time, they induce Cu*—Cu‘reduction and Mn**—Mn*oxidation, increasing the number of reactive oxygen species.

Key words: plasma; catalyst; low—concentration methane; catalytic combustion;modification
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Fig.3 Effectof plasma treatment time on catalyst performance
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Fig. 4 Effect of gas space velocity on catalysts performance
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Fig. 5 SEM images of catalysts before and after modification
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Fig. 7 Pore size distribution curve of catalysts
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Table 1 Specific surface area and pore structure parameters

of copper—-manganese—nickel catalyst
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Fig.8 XRD patterns of catalysts before and after modification
(a)Cu—Mn-Ni/y-Al,0,-P; (b) Cu—Mn-Ni/y-Al0,.
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